A number of new disubstituted 2,5-thiazolidinone derivatives were synthesized and tested for their antimicrobial activity against Bacillus subtilis (Gram-positive), Pseudomonas aeruginosa (Gram-negative), and Streptomyces species (Actinomycetes). They displayed different degrees of antimicrobial activities or inhibitory actions.
Introduction
Thiazole derivatives are considered as one of the most important classes of heterocyclic compounds; their derivatives are characterized by high biological activity in pharmaceutical fi elds and have shown antibacterial (Tsuji and Ishikawa, 1994) , antifungal (López-García et al., 2003) , antitumour (Srivastava et al., 1977) , antiviral (Srivastava et al., 1977; Kirsi et al., 1983) , anti-infl ammatory (Mgonzo et al., 1995; Geronikaki et al., 2003) and antineoplastic (Milne, 2000) activities as well as growth inhibitory activity of gastrointestinal (Sato et al., 2000; Takahashi et al., 1999) , biliary, and pancreatic adenocarcinoma cells (Motomura et al., 2000) . The aminothiazole ring system has found application in drug development for the treatment of HIV infection, hypertension and infl ammation (Kearney et al., 1988) . On the other hand, 1,3-thiazolidines are considered as an important class of antimicrobial agents with activity against a broad spectrum of Gram-positive pathogens including Staphylococci, Streptococci, and Enterococci (Singh et al., 1981) . It is known that the entrance of arylidene moieties at different positions of the thiazolidine ring enhances the antimicrobial activity (Brown, 1961; Nasr et al., 2003) . Dioxotetrahydrothiazole derivatives with a carbonyl group at positions 2 and 4 are an important group of heterocyclic compounds with diverse biological activities, i.e., they are known as antineoplastics (DeLima et al., 1992) . These derivatives have been extensively studied, chemically as well as biologically (Labouta et al., 1987) , in an effort to generate new translation initiation inhibitors for cancer therapy (Chen et al., 2004) . In addition, 2,4-dioxotetrahydro-1,3-thiazoles inhibit the growth of gastrointestinal (Sato et al., 2000; Takahashi et al., 1999) , biliary, and pancreatic adenocarcinoma cells (Motomura et al., 2000) . Moreover, thiazolidine derivatives are reported to show a variety of pharmacological properties, such as antibacterial, antifungal (DeLima et al., 1992) , anthelmintic (Vagdevi et al., 2006) , cardiotonic (Andreani et al., 1993) , anticonvulsant (ElFeky, 1993) , cyclooxygenase and lipoxygenase inhibitory (Unangst et al., 1993) activities.
In view of the above-mentioned fi ndings and as continuation of our effort to identify new candidates that may be suitable in designing new, potent, selective, and less toxic antimicrobial agents (Abdel-Rahman et al., 2008; El-Sayed et al., 2008 , 2009 we report in the present work the synthesis and antimicrobial activity of new substituted thiazole derivatives.
Experimental

General
Melting points were determined using a Büchi apparatus. IR spectra (KBr) were recorded with a Bruker-Vector22 instrument (Bruker, Bremen, H NMR spectra were recorded with a Varian Gemini spectrometer at 300 MHz and 200 MHz with TMS as internal standard. Chemical shifts were reported in δ scale (ppm) relative to TMS as a standard, and the coupling constants (J values) are given in Hz. The progress of the reactions was monitored by TLC using aluminium silica gel plates 60 F 245 . EI-mass spectra were recorded with a HP D5988 A 1000 MHz instrument (Hewlett-Packard, Palo Alto, CA, USA). Antiviral activity against hepatitis B virus (HBV) was tested at the Liver Institute, Menoufi a University, Shebin El-Koam, Egypt.
Sample preparation
Each of the test compounds and standards was dissolved in 12.5% DMSO, at concentrations of 500 μg/mL. Further dilutions of the compounds and standards in the test medium were prepared at the required quantities.
Culture of microorganisms
Bacteria strains were supplied from Botany Department, Faculty of Science, Menoufi a University, Shebin El-Koam, Egypt, namely Bacillus subtilis (ATCC 6633, Gram-positive), Pseudomonas aeruginosa (ATCC 27853, Gram-negative) and Streptomyces species (Actinomycetes). The bacterial strains were maintained on Mueller-Hinton agar (MHA) medium (Oxoid, Chemical Co., UK) for 24 h at 37 °C. The medium was molten on a water bath, inoculated with 0.5 mL of the culture of the specifi c microorganism and poured into sterile Petri dishes to form a layer of about 3 -4 mm thickness. The layer was allowed to cool and harden. With the aid of a cork-borer, cups of about 10 mm diameter were produced (Jorgensen et al., 1999) .
Agar diffusion technique
The antibacterial activities of the synthesized compounds were tested against Bacillus subtilis, Pseudomonas aeruginosa, and Streptomyces species using MH medium (17.5 g casein hydrolysate, 1.5 g soluble starch, 1000 mL beef extract). A stock solution of each synthesized compound (500 μg/mL) in DMSO was prepared and graded quantities of the test compounds were incorporated in a specifi ed quantity of sterilized liquid MH medium. Different concentrations of the test compounds in DMF were placed separately in cups in the agar medium. All plates were incubated at 37 ºC overnight. The inhibition zones were measured after 24 h. The minimum inhibitory concentration (MIC) was defi ned as the intercept of the grave of logarithm concentrations versus diameter of the inhibition zones (Janssen et al., 1987; Greenwood, 2000) .
Results and Discussion
Chemistry
The (E)-2-(E)-4-substituted arylidenehydrazonothiazolidin-4-one derivatives 2a-d were synthesized by the reaction of the corresponding substituted arylidinehydrazinothioamide derivatives 1a-d with ethyl chloroacetate in ethanol at refl ux temperature (Fig. 1) . The chemical structures of the thiazolidine derivatives 2a-d were confi rmed by their spectral and analytical data. Thus, their IR spectra showed a characteristic absorption band in the carbonyl frequency region at 1644 -1692 cm -1 corresponding to the C=O groups. The 1 H NMR spectrum of 2b, as a representative example, showed a singlet peak at δ 3.91 ppm for the CH 2 group, signals of the aromatic protons at δ 7.55 -8.44 ppm, and an NH signal as singlet at δ 12.1 ppm (which disappeared in D 2 O exchange). Furthermore, the mass spectrum of 2b showed the molecular ion peak at m/z 253 ([MH] + , 69%), which is in accordance with its molecular formula. The coupling reaction of chlorodiazonium compounds at the active methylene group in compounds 2a-b was the convenient route to synthesize the substituted diazothiazolidinone derivatives. Thus, H NMR and mass spectra which all agreed with the assigned structures. Thus, the 1 H NMR spectrum of compound 4b, as a representative example, revealed the presence of a singlet peak corresponding to H-5 in the thiazolidine ring at δ 3.37 ppm, CH=N as singlet at δ 8.06 ppm, signals of the aromatic protons at δ 7.43 -8.05 ppm, and an NH signal as broad singlet at δ 11.33 ppm (which disappeared in D 2 O exchange) in addition to the disappearance of the signal corresponding to the CH 2 group. Moreover, the mass spectrum of this compound showed the molecular ion peak at m/z 357 ([MH] + , 66%), which is in accordance with its molecular formula. On the other hand, when the thiazolidine deri vatives 2a-d were allowed to react with the aromatic aldehydes 7a-d in the presence of acetic acid in ethanol at refl ux temperature, the cor responding (2E,5E)-4-substituted arylidene-2-[(E)-(4-ary li dene)hydrazono] thiazolidin-4-ones 8a-d were obtained in 78 -80% yields. The IR spectra of the disubstituted 2,5-thiazolidinone derivatives showed the presence of characteristic absorption bands at 3325, 1682 and 1605 cm -1 corresponding to NH, C=O, and C=N, respectively. The 1 H NMR spectrum of compound 8a showed signals of the aromatic protons at δ 6.88 -8.05 ppm in addition to an NH signal at δ 10.55 ppm. The disappearance of the singlet peak of the CH 2 group also confi rmed the assigned structure. 
reaction of the (E)-2-(E)-4-substituted arylidenehydrazonothiazolidin-4-one derivatives 2a-d with (E)-1-chloro-2-phenyldiazene (3) or (E)-2-(chlorodiazenyl)-4-phenylthiazole (5) afforded the (E)-2-(E)-4-substituted arylidenehydrazono-5-[(E)-phenyldiazenyl]thiazolidin-4-ones 4a-d in 70 -78% yields or the (E)-2-(E)-4-substituted arylidenehydrazono-5-[(E)-4-phenylthiazol-2-yl]diazenylthiazolidin-4-ones
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Antimicrobial activity
The antimicrobial activity of the synthesized compounds was evaluated against three microorganisms; Bacillus subtilis (ATCC 6633, Grampositive) , Pseudomonas aeruginosa (ATCC 27853) (Gram-negative) and Streptomyces species (Actinomycetes). The values of minimal inhibitory concentration (MIC) of the tested compounds are presented in Table I . The results of the antimicrobial activity test revealed that 6b and 6c showed the highest activity against B. subtilis with MIC values of 75 μg/mL followed by 1c, 2a, 2c, and 4a. Compounds 1d and 2d showed the highest inhibition activity against P. aeruginosa, whereas 6c and 6d were the most active among the series of tested compounds against Streptomyces species with MIC values of 75 μg/mL. Some compounds did not show any activity against the three microorganisms.
From the structure-activity relationship it is clear that substitution at the p-position in the phenyl ring of the thiazolidinone derivatives with a chlorine or bromine atom increases the antibacterial activity against B. subtilis (ATCC 6633). This was not the case for P. aeruginosa since substitution with N,N-dimethylamine resulted in higher activity. Additionally, the p-substituted bromoand N,N-dimethylaminophenyl groups in the thiazolidinone derivatives revealed the highest activity against Streptomyces species. On the other hand, 6c containing an 1,3-thiazole ring showed higher activity against the three microorganisms compared to its substituted phenyl analogue 4c. Furthermore, substitution of the active methylene group in the thiazolidine ring of compounds 8a-d resulted in the loss of antimicrobial activity except for 8a which showed relatively higher activity against Streptomyces species.
Conclusion
From the results of the antimicrobial activity tests and structure-activity relationship, it can be concluded that the antimicrobial activity against B. subtilis, P. aeruginosa, and Streptomyces species (Actinomycetes) depends, to some extent, on the substituent of the aryl group placed at position 4 as well as substitution at position 5 of the thiazolidine ring. Thus, 6c containing 4-bromophenyl and 2-diazo-1,3-thiazol groups at position 4 of the thiazolidine ring showed high activity. 
